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ABSTRACT 

Apollo 15  weight growth h i s t o r y  was reviewed t o  provide 
a background f o r  e s t ima t ing  expected growth on Apollo 1 6 .  This  
h i s t o r y  shows t h a t  t h e r e  should be an expected LM weight growth 
of approximately 1 7  pounds on Apollo 1 6  exc lus ive  of t h e  changes 
r e s u l t i n g  from t h e  anomalies experienced on Apollo 15. 

Because of  t h e  e x c e l l e n t  reso lu t ion ,photography of l u n a r  
geologic  f e a t u r e s  obta ined  on l u n a r  t r a v e r s e s  of t h e  Apollo 1 5  
mission us ing  t h e  5 0 0  mm l ens  camera, it i s  h igh ly  d e s i r a b l e  t o  
provide t h i s  camera system on t h e  Apollo 1 6  mission. I t  has  been 
concluded t h a t  even w i t h  t h e  expected weight growth o f  Apollo 1 6  
t o  t h e  t i m e  of launch,  t h e r e  i s  s u f f i c i e n t  performance margin t o  
recommend t h e  a d d i t i o n  of t h e  70 mm camsra and 500 mm l e n s  system. 
I t  i s  f u r t h e r  recommended t h a t  t h e  t o t a l  LM c o n t r o l  weight  remain 
a t  i t s  c u r r e n t  va lue  cf 36,300 pounds b u t  t h e  landed payload con- 
t r o l  weight  be changed t o  a v a l i e  of 1230 pounds 
1 2 0 0  pound value.  
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The weight changes occur r ing  on Apollo 1 5  dur ing  
n ths  p r i o r  t o  launch w e r e  reviewed. Approximately 

70% of t h e s e  weight changes made w e r e  a l s o  incorpora ted  on 
t h e  v e h i c l e s  of  t h e  remaining two missions.  Only those  changes 
p e c u l i a r  t o  Apollo 15 w e r e  no t  carried over  t o  Apollo 1 6  and 1 7 .  

The weight growth for Apollo 1 5  dur ing  t h e  s i x  months 
p r i o r  t o  launch w a s  6 9 ,  37, 29 and 28 pounds f o r  t h e  CM, S M  and 
LM a s c e n t  and descen t  s t a g e s ,  r e s p e c t i v e l y .  I f  w e  assume t h a t  
70% of t h e  b a s i c  changes have a l r eady  been incorpora ted  i n  
Apollo 16 ,  t h e r e  should be an expected growth of approximately 
2 1 ,  11, 9 and 8 pounds i n  t h e  CM, S M  and LM a s c e n t  and descen t  
s t a g e s ,  r e s p e c t i v e l y ,  dur ing  t h e  i n t e r i m  be fo re  launch based on 
Apollo 15 h i s t o r y .  This  does n o t  t a k e  i n t o  cons ide ra t ion  any 
s p e c i f i c  changes r e s u l t i n g  d i r e c t l y  from t h e  Apollo 1 5  mission.  

The 70 mm camera with t h e  500  mm l e n s  proved t o  be 
ve ry  s u c c e s s f u l  on Apollo 1 5 ,  producing e x c e l l e n t  r e s o l u t i o n  
photography of  d e t a i l  geologic s t r u c t u r e  i n  d i s t a n t  f e a t u r e s .  
S i m i l a r  geologic  oppor tun i t i e s  w i l l  be a v a i l a b l e  on Apollo 1 6 ,  
such a s  the  f a r  w a l l  of North Ray Crater .  This  camera system 
w i l l  undoubtedly be considered as a high p r i o r i t y  i t e m  f o r  t h e  
Apollo 1 6  mission. 

Pre l iminary  r e s u l t s  from t h e  use  of t h e  Rover on t h e  
l u n a r  s u r f a c e  f o r  t h e  f i r s t  t i m e  dur ing  t h e  Apollo 15 mission 
show t h a t  some changes w i l l  be d e s i r a b l e  p r i o r  t o  t h e  f l i g h t  of 
Apollo 1 6 .  Seve ra l  i t e m s  a r e  c u r r e n t l y  under i n v e s t i g a t i o n ;  
however, no assessment i s  a v a i l a b l e  f o r  t he  weight pena l ty  
r e s u l t i n g  from the  p o t e n t i a l  changes. Some of t h e  i t e m s  under 
c o n s i d e r a t i o n  a r e :  
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Seat b e l t  modif icat ion,  

TV cable rearrangement,  

Ba t t e ry  overheating problems, 

TV c o n t r o l  problems, 

S t e e r i n g  problems. 

Lunar s u r f a c e  experiments and equipment which had 
anomalies during t h e  Apollo 15 mission a r e  being i n v e s t i g a t e d  
and could a l s o  r e s u l t  i n  changes a f f e c t i n g  LM weight. Some 
of t hese  i t e m s  are: 

a) The lunar  d r i l l ,  

b) The h e a t  flow experiment probes,  

c) Camera magazines jamming, 

A performance s t a t u s  p l o t  of LM-11 (Apollo 1 6 )  w a s  
generated and is  shown i n  Figure 1. This p l o t  shows t h e  LM 
c o n t r o l  and l i m i t  weights along with t h e  c u r r e n t  weight  s t a t u s  
(10-15-71) of LM-11. Two t o t a l  LM l i m i t  weights  a r e  shown, 
one i s  t h e  c u r r e n t  s t a t u s  (10-15-71) a s  presented by MSC and 
t h e  o t h e r  shows t h e  adjustment r e s u l t i n g  from t h e  use of lower 
3a d i spe r s ions  based on ac tua l  engine I d i spe r s ion  d a t a  of 

LM-10 (Apollo 1 5 ) .  I t  i s  a n t i c i p a t e d  t h a t  LM-11 w i l l  have a 
s i m i l a r  I d i spe r s ion .  It can be seen from t h i s  p l o t  t h a t  

t h e  t o t a l  LM weight  could increase  by 72 pounds wi thout  exceeding 
the c o n t r o l  weight.  Based on t h e  ad jus t ed  L M  l i m i t  weight,  which 
is  the  a n t i c i p a t e d  system performance c a p a b i l i t y ,  t h e  t o t a l  LM 
weight could i n c r e a s e  by 1 9 0  pounds from t h e  c u r r e n t  s t a t u s  
(10-15-71). The 190  pounds is equ iva len t  t o  about 11 seconds 
of hover t i m e  which i s  c lose  t o  the  margin above budget a v a i l a b l e  
f o r  Apollo 15, I f  t h e  remaining weight growth f o r  LM-11 is  
s i m i l a r  t o  t h a t  of LM-10, i . e . ,  about 1 7  l b s . ,  t h e r e  s t i l l  would 
be 173 pounds of weight  margin based on t h e  ad jus ted  LM l i m i t  
weight.  Although t h e  LRV and s u r f a c e  equipment f i x e s  w i l l  impact 
t h e  luna r  landed payload by some amount, it appears t h a t  t h e r e  
is  s u f f i c i e n t  margin t o  approve t h e  a d d i t i o n  of t h e  70 mm camera 
w i t h  t h e  500 mm l e n s  system f o r  Apollo 1 6 .  The weight  of t h e  
camera system and i t s  stowage i s  approximately 15  pounds. 

SF 

SP 

The c o n t r o l  weight f o r  t h e  luna r  landed, payload i s  
1200 pounds; however, t h e  cur ren t  (10-15-71) payload s t a t u s  i s  
1212 pounds. Most of t he  changes d iscussed  i n  t h i s  memo would 
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load weish t  cai s ing  t h e  c o n t r o l  weight  
t o  be exceeded s t i l l - f u r t h e r .  
were changed by Level I CCB waiver a c t i o n  p r i o r  t o  f l i g h t .  
Apollo 1 5  w a s  launched w i t h  a landed payload weight  of 1 2 2 1  
pounds and CCBD APO 2 4 8  dated J u l y  9 ,  1 9 7 1  allowed a landed 
payload weight a s  g r e a t  a s  1230 pounds. The c o n t r o l  weight 
f o r  landed payload on Apollo 16 should r e f l e c t  t h e  approved 
payload t o  a c t u a l l y  be c a r r i e d .  With t h e  approval  of t h e  
70 mm camera and 500  mm l e n s  w e  would recommend t h a t  t h e  landed 
payload c o n t r o l  weight be changed t o  r e f l e c t  t h e  approved pay- 
load  ( 1 2 2 7  pounds with t h e  add i t ion  of t h e  camera) w i t h  some 
sma l l  margin f o r  growth. 
would s e e m  t o  be a reasonable  f i g u r e .  This i n c r e a s e  i n  t h e  
landed payload c o n t r o l  weight would no t  change t h e  t o t a l  LM 
c o n t r o l  weight  of 36,300 pounds. 

?n t h e  p a s t  t h e  con t ro l  weights  

A new c o n t r o l  weight  of 1230 pounds 
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